In 1965 English described the use of left ventriculo-femoral bypass during resection of a coarctation complicated by an anomalous right subclavian artery arising below the coarctation. In this case left atrio-femoral bypass was not practicable as there was virtually no part of the left atrium accessible. No complication arose from the method used.
The purpose of this paper is to present three patients who suffered rupture of the thoracic aorta in road traffic accidents in whom repair was achieved using left ventriculo-aortic bypass to protect the spinal cord, kidneys, and lower half of the body. Such distal support is even more important than in coarctation, where there is usually an adequate collateral circulation which will protect these vital organs.
and fibulas, threw him across the bonnet and carried him along the road for 50 yards (45 m.). On admission he was concussed and unconscious, and had various lacerations and the fractures mentioned above. He was dyspnoeic and shocked. After resuscitation, a chest radiograph (Fig. 1) showed clear evidence of a ruptured diaphragm and widening of the mediastinum. The leg fractures were reduced and plastered under anaesthesia. Twenty-four hours later he was seen with a view to dealing with the ruptured diaphragm locally, but because of the suspicion of a ruptured aorta he was transiferred to the Regional Cardio-thoracic Centre at Broadgreen Hospital. His condition on arrival was satisfactory, with a blood pressure of 150/90 mm. Hg. His peripheral pulses were palpable in each arm and leg. He was mildly dyspnoeic.
Opetation Preparations were made for left atriofemoral bypass, but on reflection this was thought impracticable because of the splinting and plaster immobilizing the legs, extending onto the abdomen.
The chest was explored through the left sixth rib bed. The pleural cavity contained 500 ml. of blood clot and the stomach and omentum. which had herniated through a paracrural tear in the diaphragm 4 cm. lateral to the phrenic nerve. There was wide bruising of the mediastinum with a localized bulging haematoma at the ligamentum arteriosum region. The pericardium was free of blood or fluid, and there was no pulmonary injury.
The diaphragm was repaired first as it was thought that aortic repair might be difficult and if resuscitation problems arose the diaphragm tear might have to be abandoned. The abdominal contents were reduced through the tear after deflating the distended stomach through a peroral tube. The rupture in the diaphragm was repaired with nylon suture in two overlapping layers without tension. There was no evidence of injury to any abdominal viscus.
Before dissecting the para-aortic haematoma, through which aortic disruption could be felt on gentle palpation, left ventriculo-aortic bypass was instituted Through a stab wound in the left ventricular apex, protected by an 00 silk purse string, a 6-mm. caval cannula was introduced. This had been divided in two and the two halves were connected by a 6-mm. connector with a lateral Luer lock fitting for removing air from the circuit (Fig. 2) . The distal end was trimmed to a point and introduced into the aorta at the level of the eighth thoracic vertebra. A purse string of 000 silk had previously been inserted and the introduction was done using a Beck clamp and a vertical incision in the aorta. Air was aspirated and the clamps were removed. Flow could be seen through the tubing. The patient was not heparinized.
The para-aortic pleura was opened above at the level of the left subclavian artery and below 5 cm. below the level of the bulging haematoma, and group.bmj.com on June 22, 2017 -Published by http://thorax.bmj.com/ Downloaded from blood pressure and widened mediastinum suggested aortic rupture and this was confirmed by prograde aortogram (the radio-opaque material was injected into the pulmonary artery through a cardiac catheter introduced into the saphenous vein) (Fig. 6) . He was transferred to the Regional Thoracic Centre at Broadgreen Hospital for operation.
Operation The chest was opened through the left fourth rib bed posteriorly. The lower lobe was atelectatic but could be expanded after aspirating secretions through the endotracheal tube. The diaphragmatic repair was sound. There was a haematoma in I i : the mediastinum with a fusiform swelling of the aorta 5 cmn. below the left subclavian origin. The aorta was dissected above and below the swelling and slings were passed around to permit proximal and distal control. The apex of the left ventricle was exposed on opening the pericardium 2 cm. anterior to the phrenic nerve and a purse string of 00 silk controlled by a snare was inserted. The aorta was prepared opposite the eighth thoracic vertebra by two 000 opposed purse string sutures. A cannula prepared as described in Case 1 was inserted in the tip of the left ventricle after making a stab wound. There was delay in inserting the distal end into the aorta due It was decided to continue ventilation, but to change from D-tubocurarine to control with phenoperidine to assess the cerebral state.
His immediate post-operative course was satisfactory with a stable arterial and venous pressure and good circulation in the extremities. Urine output after provocation with mannitol (100 ml. of 12 % i.v.) was good. There was evidence of returning consciousness and appreciation of surroundings. There was no peripheral neurological deficiency.
Thirty-six hours after operation, six days after his initial injury, he became shocked with a falling blood pressure and ultimate cardiac asystole from which he could not be resuscitated. During external cardiac massage it was noted there was blood coming from the pharynx.
Post-mortem examination showed the aortic suture line to be intact and the lumen patent. There were numerous gastric erosions and a 2 by 1 cm. erosion in the first part of the duodenum. There was 200 ml. of blood in the stomach. Other injuries included retroperitoneal and perinephric haematomata, haemorrhage into the right adrenal, and traumatic haemorrhage and softening of the inferior part of the right occipital lobe. The cause of death was judged to be acute duodenal haemorrhage. CASE 3 S. McK., aged 37 years, was thrown from a car in which he was hitch-hiking while intoxicated. On admission to the Royal Victoria Hospital, Belfast, he was unconscious, dyspnoeic, and cyanosed. Haemopneumothorax with fractures of ribs 2 to 7 on the left was diagnosed and an intercostal tube was inserted (Fig. 7) . This relieved the dyspnoea and improved the cyanosis. Forty-eight hours later the tube was removed as the thoracic state appeared stable, but 24 hours later he again became dyspnoeic and anxious, although his blood pressure remained stable and raised (Fig. 8) . A chest radiograph showed a further haemopneumothorax, and chest aspiration through another intercostal tube produced 450 ml. of blood. At this time he developed a high-pitched sysbolic murmur audible over the back to the left of the upper thoracic spine. His condition appeared stable, but he remained anxious. Palpation of the femoral pulses showed a reduction in tension. By palpation the pressure was 110/80 mm. Hg, while the arm pressure was 230/ 100 mm. Hg. Re-inspection of the radiographs suggested a widened mediastinum and an aortogram through the brachial artery was performed (Fig. 9) . This confirmed the diagnosis. Pressure tracings taken at the time of the aortogram confirmed the disparity in pressures above and below the rupture (Fig. 10) factorily for 40 minutes, was dismantled, the ventricular and aortic incisions being closed. The patient had continued to pass urine throughout the procedure and on return to consciousness showed no neurological deficiency. His convalescence was uneventful and he was discharged 20 days later. When seen at out-patients six weeks later, he was well with a normal blood pressure. A radiograph showed clearing of the chest and a return of the mediastinum to normal (Fig. 11) (personal communication, 1956 ) operated on a patient two years after his initial injury (using surface hypothermia). In Spencer's group of 15 patients, 7 were dealt with as acute problems with 5 pre-operative deaths and 1 operative death. One patient developed renal failure and paraplegia with the onset of hypertension. In a series of 172 patients with closed injuries in the chest, Solheim (1963) English's case (1965) and Case 3 of the present series.
The concept of left ventriculo-aortic bypass is not new. Sarnoff, Donovan, and Case (1955) described a technique using this for aortic valve stenosis and demonstrated its practicability, although its usefulness for aortic valve disease was not realized. The simplicity, ready availability, and lack of need for heparinization should commend left ventriculo-aortic support to surgeons dealing with severe trauma. The need to dissect the femoral or external iliac arteries for supportive circulation is obviated. This may be precluded by intra-abdominal or upper leg injuries, as in Cases 1 and 2, and makes the utilization of the descending aorta attractive. The cannula lies outside the operative field, is fully in view and pressure monitoring confirms the support of the circulation in the lower half of the body. On releasing the aortic clamps with the left ventriculoaortic perfusion in progress, the usual fall in blood pressure does not occur. As many of these injuries occur to younger patients, the left ventricle, which is strong, can be freely used to support the distal circulation.
